AD-A151  909 


REPORT  NO.  NADC-841 14-60 


IMPROVING  INFLIGHT  NEGATIVE  Gz 
RESTRAINT  FOR  AIRCREWMEN 


Dan  Lorch 

Aircraft  and  Crew  Systems  Technology  Directorate 
NAVAL  AIR  DEVELOPMENT  CENTER 
Warminster,  Pennsylvania  18974 


AUGUST  1984 


FINAL  REPORT 
Program  Element  64264N 


DTIC 


Approved  for  Public  Release;  Distribution  Unlimited 


Prepared  for 

NAVAL  AIR  SYSTEMS  COMMAND 
Department  of  the  Navy 
Washington,  DC  20361 


85  03  13  217 


r 


■  ■  .  J  1".  P,  1^  W'-» 


NOTICES 

REPORT  NUMBERING  SYSTEM  -  The  numbering  of  technical  project  reports  issued  by  the  Naval 
Air  Development  Center  is  arranged  for  specific  identification  purposes.  Each  number  consists  of 
the  Center  acronym,  the  calendar  year  in  which  the  number  was  assigned,  the  sequence  number  of 
the  report  within  the  specific  calendar  year,  and  the  official  2-digit  correspondence  code  of  the 
Command  Office  or  the  Functional  Directorate  responsible  for  the  report.  For  example:  Report 
No.  N ADC-7801 5-20  indicates  the  fifteenth  Center  report  for  the  year  1978,  and  prepared  by  the 
Systems  Directorate.  The  numerical  codes  are  as  follows: 


CODE 

00 

01 

02 

10 

20 

30 

40 

50 

60 

70 

80 


OFFICE  OR  DIRECTORATE 

Commander,  Naval  Air  Development  Center 
Technical  Director,  Naval  Air  Development  Center 
Comptroller 

Directorate  Command  Projects 
Systems  Directorate 

Sensors  &  Avionics  Technology  Directorate 

Communication  &  Navigation  Technology  Directorate 

Software  Computer  Directorate 

Aircraft  &  Crew  Systems  Technology  Directorate 

Planning  Assessment  Resources 

Engineering  Support  Group 


PRODUCT  ENDORSEMENT  -  The  discussion  or  instructions  concerning  commercial  products 
herein  do  not  constitute  an  endorsement  by  the  Government  nor  do  they  convey  or  imply  the 
license  or  right  to  use  such  products. 


/ 

A 


DATE:. 


// 


UNCLASSIFIED 


security  classification  of  this  race  r«n>*n  dm*  Enter**; 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  OOVT  ACCESSION  NO. 

NADC-841 14-60  Ab-A  />/  fd 

S.  RECIPIENT'S  CATALOG  NUMBER 

9 

4.  TITLE  fend  Submit) 

Improving  Inflight  Negative  Gz 

Restraint  for  Aircrewmen 

's.  TYPE  OF  REPORT  •  PERIOO  COVERED 

Final 

S.  PERFORMING  ORO.  REPORT  NUMBER 

7.  AUTHORf#; 

Dan  Lorch 

S.  CONTRACT  or  grant  numbert*; 

t.  PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

Aircraft  &  Crew  Systems  Technology  Directorate 

Naval  Air  Development  Center 

Warminster,  PA  18974 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  •  WORK  UNIT  NUMBERS 

II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Naval  Air  Systems  Command 

Washington,  D.C.  20361 

12.  REPORT  OATS 

August  1984 

IS.  HUMBER  OF  PAGES 

14.  MONITORING  AGENCY  NAME  «  ADORESSfU  different  from  Controlling  Office; 

IS.  SECURITY  CLASS,  fef  (file  report; 

UNCLASSIFIED 

IS*.  DSCLASSI FIC  ATI  ON/ DOWN  GRADING 
SCHEDULE 

IS.  DISTRIBUTION  STATEMENT  for  (Me  Report; 


Approved  for  Public  Release;  Distribution  Unlimited. 


IT.  DISTRIBUTION  STATEMENT  (of  the  abefracl  enter**  In  Bloc*  JO.  if  Afferent  fro*.  Report; 


l».  SUPPLEMENTARY  NOTES 


If.  KEY  WORDS  fContinu*  on  revere*  *1  if#  If  necatearr  an*  Identify  by  bloc*  nuoiber; 

Restraint 
Inflight 
Negative  Gz 
Aircrewmen 


20.  ABSTRACT  f Continue  on  revere*  eld*  If  neeeeeary  end  Identify  by  block  nueiber; 

Inadequate  negative  Gz  restraint  has  been  cited  as  a  factor  preventing  pilots  from  recovering 
control  of  their  aircraft  after  a  departure  from  positive  G  maneuvers. 

Several  prototype  XV  seat-mounted  harnesses  were  designed  and  tested  to  determine  if  they 
might  provide  improved  inflight  restraint.  Although  they  were  able  to  improve  restraint,  none  of 
them  could  meet  the  rigid  and  conflicting  demands  which  were  imposed. 

The  restraint  which  met  most  of  the  requirements  was  the  MA-2  Torso  Harness  with  the  additior 
of  a  seat-mounted  'Y'  shoulder  strap.  The  'Y'  strap  reduced  average  head  displacement  to  about 
one-third  of  its  former  value  (from  6cm  to  2cm  for  a  50%  subject  at  - 1  Gz).  No  problems  were 
_<B_unconjeredi^unn3_ssgj^rTji3Qiigg|2aiaiifin,JfiSlSfce8UiLllilfiaiXl^liCaB-fli£LJiaL.CB5lLiatJUi«lOflLlfii*Sfl-UatetiOia»- 
00  ,  jSJ  n  1473  ««>«ti©n  O'  •  NOV  ••  IS  obsolete  UNCLASSIFIED 

S/N  0102-  LF.  014-  640!  SECURITY  CLASSIFICATION  OF  THIS  PAGE  (’■ken  Oefe  Kiev#*) 


N  ADC-84 114-60 


TABLE  OF  CONTENTS 


Page 

LIST  OF  FIGURES .  ii 

BACKGROUND .  1 

Background  on  Operational  Deficiencies  .  1 

Tests  on  Previously  Proposed  MA-2  Harness  Modifications .  1 

Tests  with  Commercially  Available  Seat-Mounted  Harnesses .  1 

Design  Specifications  for  Improved  Restraint  Harness .  2 

Weighted  Design  Tradeoffs .  3 

Attempts  to  Develop  a  Seat-Mounted  Harness .  4 

New  Modifications  to  the  MA-2  Torso  Harness-The  'Y'  Strap  .  5 

TESTS  ON  'Y'  STRAP .  5 

Negative  Gz  .  5 

Seat/Man  Separation  .  6 

DISCUSSION .  7 

CONCLUSIONS .  7 

RECOMMENDATIONS .  8 

ACKNOWLEDGMENTS  .  9 

REFERENCES .  10 


NADC-841 14-60 


LIST  OF  FIGURES 


Figure 


Fifth  Strap  Added  to  MA-2  Harness  .  11 

Martin-Baker  Simplified  Combined  Harness .  12 

Alpha-Jet  Seat-Mounted  Harness .  13 

Parachute  Suspension  with  MA-2  Harness  Using  SEAWARS/ 

KOCH  Fittings .  14 

First  Prototype  XV  Harness  (Front  View)  .  15 

First  Prototype  XV  Harness  with  Seat-Mounted  Release 

Fittings  (Side  View) .  16 

First  Prototype  XV  Harness-Parachute  Suspension .  17 

First  Prototype  XV  Harness-Survival  Kit  Attachment .  18 

First  Prototype  XV  Harness -Expanded  View .  19 

First  Prototype  XV  Harness— Underneath  Survival  Kit  Lid— 

Manual/Automatic  Release  Hardware .  20 

Second  Prototype  XV  Harness— Front  View .  21 

Second  Prototype  XV  Harness— Front  View— with  Harness 

Mounted  Life  Support  Gear .  22 

Second  Prototype  XV  Harness-Side  View-with  Harness 

Mounted  Life  Support  Gear .  23 

Second  Prototype  XV  Harness-  Parachute  Suspension .  24 

Third  Prototype  XV  Harness-  Side  View-Left  .  25 

Third  Prototype  XV  Harness-Side  View- Left- with  Seat  Fittings .  26 

Third  Prototype  XV  Harness-Side  View-Right  .  27 

Third  Prototype  XV  Harness  -Front  View .  28 

Third  Prototype  XV  Harness-Back  View .  29 

Third  Prototype  XV  Harness-Parachute  Suspension .  30 

'Y'  Strap  with  MA-2  Harness .  31 

Measuring  Head  Position  on  NAOC  "Rotisserie' .  32 

Fiberglas  Lap  Belt  "Bearing  Pad" .  33 

"Bearing  Pad"-Closeup .  34 

Head  Displacement  at  -IGz  Using  5th  Percentile  Test  Subject .  35 

Head  Displacement  at  -IGz  Using  50th  Percentile  Test  Subject .  36 

Head  Displacement  at  -  IGz  Using  95th  Percentile  Test  Subject .  37 


Pi 


NADC-841 14-60 


BACKGROUND 

BACKGROUND  ON  OPERATIONAL  DEFICIENCIES 

High  performance  fighter  aircraft  placed  in  a  tight  turn  can  develop  an  asymmetrical  stall  pat¬ 
tern  over  the  wing.  This  rolls  the  aircraft  into  a  departure  from  positive  G  controlled  flight.  Unless 
the  aircraft  is  very  stable  it  will  not  recover  without  corrective  action  by  the  pilot.  It  is  therefore 
essential  that  the  pilot  be  securely  restrained  in  his  seat  especially  for  -Gz  acceleration  (lifting  the 
aircrewman  off  of  his  seat)  otherwise  he  could  be  thrown  too  far  out  of  position  to  obtain  the  full 
range  of  control  stick  motion  required  for  recovery. 

Improving  negative  Gx  restraint  (forcing  the  aircrewman  forward  in  his  seat)  is  also  important 
in  aircraft  that  develop  flat  spins  after  a  departure.  This,  however,  is  an  inertia  reel  problem  and  can 
be  corrected  by  modifying  the  reel  to  quickly  lock  when  it  senses  -Gx;  the  present  reel  senses  rate 
of  strap  play -out  and  locks  between  2  and  3  G  which  may  not  be  soon  enough  in  the  spin  condition. 

The  present  fighter  restraint  harness  (MA-2  Torso  Harness)  was  introduced  into  the  service 
around  1960.  It  has  proven  to  be  an  excellent  parachute  harness  but  many  reports  have  indicated 
that  it  is  inadequate  for  -Gz  restraint  (reference  1).  Over  the  past  two  decades  several  aircraft  losses 
have  been  directly  attributed  to  this  problem. 

TESTS  ON  PREVIOUSLY  PROPOSED  MA-2  HARNESS  MODIFICATIONS 

The  Naval  Air  Systems  Command  initiated  a  program  to  determine  if  any  previously  proposed 
modifications  to  the  MA-2  harness  or  any  existing  seat-mounted  harnesses  would  provide  a  signifi¬ 
cant  reduction  of  aircrewman  displacement  during  -Gz  acceleration  (The  operational  MA-2  harness 
at  -1  Gz  allows  the  head  to  displace  between  6cm  to  12cm  depending  on  the  aircrewmember 
percentile  and  lap  belt  tension. 

The  test  program  conducted  at  the  Naval  Air  Development  Center  (NAVAIRDEVCEN)  (refer¬ 
ence  2)  and  at  the  Naval  Air  Test  Center  (NAVAIRTESTCEN)  (reference  3)  indicated  that  the 
simplest  modification  to  the  MA-2  was  a  'fifth  strap’  connecting  the  lap  belt  to  the  front  edge  of  the 
ejection  seat  (figure  1).  Unfortunately,  this  strap  could  only  provide  an  average  improvement  of  one 
centimeter  at  -1  Gz  when  the  lap  belt  was  worn  tight.  This  was  not  significant  enough  to  warrant  a 
retrofit  effort.  The  U.S.  Air  Force  also  tested  their  torso  restraint  system  with  a  fifth  strap  and  the 
results  were  in  agreement  with  the  U.S.  Navy  tests  (reference  4). 

TESTS  WITH  COMMERCIALLY  AVAILABLE  SEAT-MOUNTED  HARNESSES  (figures  2  and  3) 

Tests  with  seat-mounted  harnesses  indicated  that  they  could  provide  a  two-  to  three-centimeter 
reduction  of  head  displacement  at  -1  Gz  if  the  straps  were  properly  adjusted  (reference  3). 
Unfortunately,  the  two  commercially  available  seat-mounted  harnesses  (the  British  Simplified  Com¬ 
bined  Harness  and  the  German  Alpha-jet  Harness)  had  too  many  disadvantages  for  present  U.S. 

Navy  requirements; 

a.  Neither  harness  could  be  retrofitted  with  the  Navy's  latest  SEAWARS/KOCH  automatic 
parachute  release  fittings  which  actuate  on  water  immersion  (figure  4). 

b.  The  Alpha-jet  harness  was  very  difficult  to  adjust,  this  may  lead  to  its  being  worn  too 
loose  by  most  pilots  and  therefore  would  prove  to  be  ineffective  as  a  restraint  or 
parachute  harness. 
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c.  Neither  harness  provided  upper  torso  support  during  ejection  acceleration  (reference  5); 
it  was  very  easy  to  rotate  forward  under  the  shoulder  straps  even  when  the  inertia  reel 
was  fully  retracted  and  locked.  This  might  cause  an  increase  in  spinal  injuries  during 
ejection. 

d.  In  their  present  configurations  the  harnesses  require  the  crewmember  to  wear  a  man- 
mounted  survival  vest  equipped  with  life  preserver,  signal  gear,  and  built-in  helicopter  lift 
sling.  When  all  of  this  equipment  is  worn,  the  aircrewman  is  almost  as  encumbered  in  and 
out  of  the  aircraft  as  he  would  be  wearing  the  present  MA-2  torso  harness. 

e.  If  some  of  the  life  support  equipment  were  transferred  onto  the  seat-mounted  harness,  it 
could  not  be  equipped  with  a  water  immersion  actuator  because  the  equipment  would  be 
lost  with  the  harness  upon  separation  from  the  man. 

The  major  advantage  of  the  two  seat  harnesses  tested  was  their  logistics  improvement 
(i.e.,  one  harness  per  seat  versus  one  per  aircrewman)  but  they  did  little  to  improve  per¬ 
formance,  safety,  or  comfort. 

DESIGN  SPECIFICATIONS  FOR  IMPROVED  RESTRAINT  HARNESS 

Since  neither  the  existing  modifications  to  the  MA-2  torso  harness  nor  the  two  commercially 
available  seat-mounted  harnesses  offered  a  quantum  improvement  in  flight  performance  or  safety 
it  was  evident  that  some  new  ideas  would  have  to  be  tried.  In  order  to  have  some  goal  it  seemed 
worthwhile  to  set  up  some  design  objectives  even  though  there  was  the  realization  that  they  could 
not  all  be  met  (i.e.,  some  desirable  features  are  in  strong  conflict  with  other  desirable  features). 

1 .  Seat-mounted  harness;  one  size  fits  third  through  ninety-eight  percentile  pilot  population 
(shoulder  height,  seated  position). 

2.  The  crewman  shall  be  able  to  egress  from  the  seat  to  a  standing  position  free  of  all 
attachments  to  the  aircraft  survival  kit,  and  parachute  within  5  seconds. 

3.  Negative  Gz  restraint  will  be  sufficient  to  restrain  a  fifty  percentile  subject  such  that  his 
average  head  displacement  is  less  than  5cm  at  -1  Gz.  The  test  subject  will  adjust  his  har¬ 
ness  so  he  can  look  180  degrees  both  left  and  right  before  the  inversion  test.  Five  inver¬ 
sions  will  be  conducted  with  the  test  subject  readjusting  the  straps  each  time. 

4.  The  harness  will  incorporate  an  automatic  water  immersion  release  of  the  parachute 
(preferably  the  existing  SEAWARS/KOCH  fittings). 

5.  The  LPU-23P  life  preserver  will  be  mounted  on  the  harness  but  shall  be  easily  removed 
for  maintenance. 

6.  A  lift  support  will  be  provided  so  the  crewman  with  wet  equipment  can  be  easily  lifted 
into  a  rescue  helicopter. 

7.  A  flare/smoke  signal,  strobe  light,  and  signal  mirror  will  be  mounted  on  the  harness. 

8.  The  survival  kit  shall  hang  from  the  harness  during  parachute  descent  so  as  not  to 
interfere  with  the  landing  as  compared  to  the  existing  MA-2  harness/survival  kit 
arrangement;  it  shall  not  degrade  performance. 
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9.  The  harness  should  not  allow  excessive  slumping  or  submarining  of  the  aircrewman 
during  ejection. 

10.  Parachute  opening  shock  loads  should  not  cause  injury  because  of  strap  routing  or 
loose  fittings. 

1 1 .  The  harness  should  be  designed  with  enough  closed  cell  foam  to  make  the  harness 
assembly  (with  uninflated  preserver)  positively  or  neutrally  buoyant. 

12.  The  harness  will  be  able  to  be  installed  in  existing  ejection  seats  with  minimal 
modification  to  seats,  survival  kits,  and  life  support  equipment. 

No  strong  requirement  was  made  for  a  'single  point  release'  of  the  aircrewman. 

Although  this  feature  is  desirable  it  appears  impractical  to  attain  in  a  retrofittable 
harness.  It  tends  to  drive  the  entire  design  and  causes  severe  compromises  with  other 
harness  requirements.  The  objective  was  quick  release  and  an  improvement  over  the 
current  MA-2  rather  than  single  point  release. 

WEIGHTED  DESIGN  TRADEOFFS 

In  addition  to  improving  inflight  restraint,  consideration  should  be  given  to  improving  logis¬ 
tics  as  well  (i.e.,  to  provide  one  seat-mounted  harness  in  place  of  the  fifteen  different  sizes  of  the 
MA-2  torso  harness  presently  in  stock).  Of  course  a  single  universal  fitting  restraint  means  that  air- 
crewmen  could  fly  with  a  very  loose  harness  if  they  chose  to  do  so.  Unfortunately,  most  of  the 
other  features  listed  above  were  also  countered  by  some  conflicting  requirement.  Obviously  many 
design  tradeoffs  have  to  be  made  to  obtain  the  best  compromise  to  meet  the  aircraft  mission  as 
well  as  crewman  safety. 

The  'Importance  Factors'  on  the  following  Tradeoff  Factors  were  determined  after  discussing 
them  with  Navy  pilots: 

Tradeoff  Factors  Importance  Factors 

1.  Mission  Effectiveness 


A. 

Rotational  Mobility  for  ACM 

10 

B. 

Seated  Comfort 

9 

C. 

Improved  -Gz  Restraint 

8 

D. 

Improved  -Gx  Restraint  (inertia  reel) 

8 

E. 

Ease  of  Adjustment 

5 

F. 

Ingress  Time 

2 

Safety 

G. 

Landing  in  Water....  Automatic  Chute  Release 

10 

H. 

High  Q  Arm  Restraint 

8 

1. 

Landing  on  Ground.... Ease  of  Chute  Release 

7 

J. 

Ease  of  Climbing  into  Raft 

7 

K. 

Ease  of  SAR  Pickup 

7 

L. 

Back  Support  for  Ejection 

6 

M. 

Reduction  of  Parachute  Shock  Loads 

5 

N. 

Emergency  Ground  Egress  Time  Reduction 

5 

0. 

Easy  Access  to  All  Survival  Gear  for  Escape  and  Evasion 

5 

P. 

Functional  Comfort  in  Raft 

4 

Q. 

Ability  to  Handle  High  Crash  Loads 

3 
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Importance  Factors 


3.  COST  AND  LOGISTICS 

S.  Acceptability  by  Aircrewmen  7 

T.  Use  Existing  Life  Support  Equipment  with  Little  Modification  6 

U.  Maintainability  6 

V.  Retrofit  Cost  4 


ATTEMPTS  TO  DEVELOP  A  SEAT-MOUNTED  HARNESS 

With  these  specifications  and  tradeoffs  as  guides  a  design  of  a  seat-mounted  harness  called  the 
XV  (Ex-Vee)  Restraint  (reference  6)  was  started.  The  'X'  describes  the  upper  torso  configuration, 
and  the  'V'  describes  the  lower  torso  straps  going  over  each  thigh. 

Earlier  investigations  by  NAVAI RTESTCEN  indicated  that  secure  -Gz  support  required  both 
upper  torso  and  lower  torso  restraint  (reference  1).  The  MA-2  Harness  only  provides  lower  torso 
-Gz  restraint. 

There  seemed  to  be  only  two  simple  ways  to  obtain  the  required  upper  torso  restraint  yet 
allow  the  crewman  rotational  mobility  essential  for  combat— either  a  'Y'  strap,  or  an  'X'  strap 
system  with  slip  fittings. 

A  'V'  strap  routing  in  front  of  the  crewman  permits  him  to  freely  turn  on  the  single  central 
strap;  this  is  somewhat  like  the  routing  of  the  Simplified  Combined  Harness  which  was  one  of  the 
two  seat  mounted  harnesses  tested.  The  other  arrangement  utilizes  'X'  cross  chest  straps'.  Anchor 
points  to  the  seat  or  survival  kit  are  located  near  the  crewman's  hip  joints.  Straps  route  up  from 
these  anchor  points  (figures  5  through  20).  As  the  crewman  turns  in  his  seat  the  cross  chest  straps 
are  free  to  slide  through  the  slip  fittings.  Unfortunately,  both  of  these  upper  torso  strap  routings 
have  shortcomings  for  parachute  loads;  the  risers  tend  to  move  in  too  close  to  the  crewman's  head. 

If  the  risers  are  equipped  with  disconnect/adjuster  fittings  there  is  a  good  chance  that  they  will 
strike  the  crewman's  face  during  parachute  deployment.  Because  of  this  problem  both  of  these 
strap  routings  proved  unacceptable  when  mated  with  the  SEAWARS/KOCH  parachute  release 
fittings  (figures  7,  14,  20). 

The  first  prototype  XV  harness  (figures  5  through  10)  had  manual/automatic  release  fittings 
on  either  side  of  the  crewman's  hips.  The  harness,  parachute,  and  survival  kit  were  all  removed  auto¬ 
matically  on  water  immersion.  Because  the  links  on  either  side  of  the  crewman's  head  were  very 
small  there  was  little  chance  that  these  low  mass  riser  fittings  would  injure  the  crewman.  Although 
this  prototype  had  a  great  deal  of  potential  it  was  abandoned  because  the  decision  was  made  that 
any  new  seat-mounted  harness  design  must  utilize  the  newly  developed  SEAWARS/KOCH  fittings 
and  the  life  support  equipment  must  be  harness  mounted. 

The  second  XV  prototype  harness  (figures  11  through  14)  utilized  the  SEAWARS/KOCH  fit¬ 
tings.  It  proved  unsatisfactory  because  these  fittings  could  strike  the  crewman's  head  during  para¬ 
chute  suspension. 

The  third  prototype  (figures  15  through  20)  was  designed  to  reduce  the  angle  of  the  cross 
chest  straps  in  order  to  keep  the  release  fittings  from  pulling  in  too  close  to  the  crewman's  head. 
This  design  was  unable  to  correct  the  head  strike  problem.  The  only  safe  way  to  mount  these  large 
release  fittings  appeared  to  be  with  an  arrangement  similar  to  the  MA-2  torso  harness  where  the 
risers  come  straight  up  the  sides  with  no  component  force  pulling  them  to  the  center. 
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NEW  MODIFICATIONS  TO  THE  VIA-2  TORSO  HARNESS-THE  'Y'  STRAP  (figure  21) 

Since  none  of  the  seat-mounted  harnesses  tested  could  meet  important  objectives  without 
severely  compromising  essential  functions  it  was  decided  to  take  a  fresh  look  at  the  MA-2  harness 
and  see  if  some  new  approach  might  improve  it.  A  'Y'  strap  upper  torso  restraint  added  on  top 
of  the  MA-2  harness  was  found  to  provide  excellent  -Gz  restraint  without  restricting  rotation, 
and  was  very  simple  to  retrofit  since  no  modification  was  required  to  either  the  seat  or  life 
support  equipment. 


TESTS  ON  'V' STRAP 


NEGATIVE  Gz 
Procedure 


Three  test  subjects  were  used  to  evaluate  the  effectiveness  of  three  configurations;  the  standard 
MA-2  (figure  22),  the  MA-2  with  a  fiberglass  bearing  pad  lap  belt  (figures  23,  24),  and  the  MA-2 
with  'Y'-strap  (figure  21).  An  MK-10  Martin-Baker  ejection  seat  was  used  as  a  test  platform.  The 
seat  was  mounted  on  the  NADC  -Gz  "rotisserie"  (figure  22).  Before  each  of  the  five  inversions  the 
test  subjects  loosened,  then  readjusted  all  straps. 

Head  displacement  was  measured  with  a  sliding  rod  in  contact  with  the  top  of  the  subject's 
head  (figure  22).  After  the  subject  was  inverted  he  was  told  to  shake  around  to  assure  that  no 
friction  loads  restrained  him,  only  the  straps  provided  restraint. 

The  Bearing  Pad  lap  belt  was  tested  in  order  to  determine  the  effectiveness  of  the  best  possible 
lower  torso  restraint.  The  pad  served  to  spread  out  the  belt  loading  over  large  areas  of  the  thighs 
so  that  these  high  loads  were  more  tolerable. 

The  'Y'  strap  was  tested  with  and  without  a  lap  belt  to  determine  its  effectiveness. 

Results 


The  results  of  all  tests  are  shown  in  figures  25,  26,  and  27.  It  can  be  seen  that  the  head  dis¬ 
placement  for  all  three  subjects  was  considerably  reduced  with  the  'Y'  strap. 

There  was  not  a  great  deal  of  improvement  from  the  bearing  pad  because  all  the  subjects  had 
been  tightening  their  lap  belt  just  short  of  feeling  pain;  they  couldn't  tighten  the  belts  much  more 
with  the  pad.  Pilots  normally  do  not  fly  with  their  lap  belt  this  tight,  so  head  displacements  under 
operational  conditions  could  go  as  high  as  double  the  values  shown.  On  the  other  hand,  the  *Y' 
strap  was  never  worn  tight;  all  slack  was  removed  without  applying  a  preload.  This  is  one  of  the 
advantages  of  the  *Y'  strap;  the  crewman  doesn't  feel  it  once  it  is  connected.  It  does  not  restrict 
motion  in  any  directions  other  than  the  Z  direction  yet  it  holds  him  securely  in  his  seat  even  if 
the  lap  belt  is  worn  loose. 

Normally  the  large  subject  would  be  expected  to  displace  farther  than  a  small  subject  when 
inverted  because  of  higher  loads  on  the  straps,  however  since  the  test  subjects  tightened  their  own 
straps  displacements  varied  between  subjects  regardless  of  size  and  weight. 
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During  the  tests  with  the  ninety-five  percentile  subject  a  second  set  of  displacement  measure¬ 
ments  was  made  with  the  lap  belt  disconnected.  With  only  the  'Y'  strap  providing  restraint  the 
average  head  displacement  was  4.4  cm;  this  is  an  increase  of  1.2  cm;  even  with  a  very  loose  or 
disconnected  lap  belt  the  *Y*  strap  alone  can  provide  adequate  negative  Gz  restraint 

SEAT/MAN  SEPARATION 

Pt  jcedure 


Several  tests  were  conducted  on  the  'Y'  strap  to  determine  which  of  several  attachment  con¬ 
figurations  would  prove  best  for  safe  seat/man  separation  during  emergency  egress  and  after 
ejection. 

An  ESCAPAC  ejection  seat  with  RSSK-8A  seat  kit  was  mounted  on  the  NADC  'Rotisserie.' 
Seat/man  separation  was  accomplished  by  pulling  the  emergency  harness  release  handle.  The 
following  two  sets  of  tests  were  done  with  each  configuration:  (1)  the  subjects  pulled  the  handle, 
then  stood  up  and  pulled  free  of  the  seat;  (2)  a  fifty -percentile  dummy  was  released  from  the  seat 
when  it  was  in  an  inverted  position. 

Configurations  Tested,  and  Results 

The  'Y'  strap  consists  of  two  lengths  of  webbing  with  loops  at  one  end  which  fit  over  the 
back  attachment  tangs  of  the  survival  kit.  These  two  shoulder  straps  cross  behind  the  crewman's 
back,  come  over  his  shoulders,  and  plug  into  a  junction  fitting  in  front  of  the  crewman's  chest. 

A  single  adjustable  length  strap  continues  downward  from  this  junction  and  attaches  to  the  front 
of  the  seat  or  under  the  survival  kit. 

Forward  Configuration  'A' 

The  forward  strap  connects  to  a  'V'  junction,  then  both  of  these  straps  route  under  the  sur¬ 
vival  kit  and  terminate  in  loops  which  also  fit  over  the  back  attachment  tangs  of  the  survival  kit. 
See  figures  5  through  10. 

During  egress  this  arrangement  occasionally  hung  up  because  the  back  strap  loops  and  the 
front  strap  loops  pull  in  different  directions. 

Forward  Configuration  'B' 

The  forward  strap  routes  through  the  seal  between  the  survival  kit  lid  and  the  pan.  It  termin¬ 
ates  with  the  strap  looped  over  a  plastic  dowel  used  to  prevent  the  strap  from  pulling  free  from 
the  kit  unless  the  kit  lid  is  opened.  See  figures  1 1  through  14. 

This  arrangement  was  tried  to  see  if  it  was  possible  to  retain  the  'Y'  strap  until  after  the 
parachute  was  fully  deployed  to  eliminate  entanglement  with  the  parachute. 

During  egress  tests  the  two  back  loops  of  the  'Y'  strap  would  slide  off  the  survival  kit  tangs 
and  allow  the  kit  freedom  to  rotate  aft.  However,  the  front  of  the  survival  kit  was  restricted  from 
rotating  forward  due  to  friction  on  the  shoulder  straps  as  they  slid  between  the  crewman  and  the 
parachute  pack.  This  awkward  position  of  the  survival  kit  limited  the  crewman's  ability  to  stand 
up.  However,  if  the  crewman  were  to  actual  a  'Y' junction,  release,  then  release  both  survival 
kit  fittings,  this  would  prove  satisfactory. 
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Forward  Configuration  ‘C‘ 


The  forward  strap  routed  around  the  front  of  the  survival  kit,  then  underneath  the  kit,  and 
terminated  with  a  hollow  nylon  cylinder  which  prevented  the  strap  from  being  pulled  forward 
underneath  the  survival  kit.  See  figures  15  through  20. 

This  arrangement  appeared  to  offer  the  best  separation  of  the  crewman  from  the  seat  for 
both  egress  and  ejection. 

This  'Y'  strap  installation  requires  no  major  modifications  to  the  seat,  survival  kit,  or  crew¬ 
man's  life  support  equipment,  and  it  can  be  installed  or  removed  in  about  ten  minutes.  The  only 
modification  to  the  seat  would  be  the  addition  of  two  VELCRO  tapes  on  the  sides  of  the  headbox 
to  hold  the  shoulder  straps  in  a  convenient  position  as  the  crewman  gets  into  his  seat. 


DISCUSSION 

If  the  'Y'  strap  is  to  be  used  as  a  retrofittable  improvement  to  the  existing  MA-2  harness  then 
the  Y  junction  fitting  should  be  designed  with  a  single  action,  quick-release  feature  to  simplify 
ground  egress.  This  fitting  must  also  incorporate  an  adjuster  buckle. 

The  tiedown  arrangement  aft  of  the  pilot  could  be  cross  back  straps  looped  over  the  survival 
kit  attachment  tangs,  or  the  straps  could  be  made  to  form  a  'Y'  and  the  single  vertical  strap  could 
route  under  the  survival  kit  to  terminate  in  a  plastic  cylinder  just  like  the  forward  'Y'  strap  in  con¬ 
figuration  'C.' 

The  back  straps  should  have  short  strips  of  VELCRO  so  they  can  be  attached  to  the  sides  of 
the  ejection  seat  headbox  when  the  seat  is  unoccupied. 


CONCLUSIONS 

1 .  The  'Y'  strap  on  top  of  the  MA-2  harness  provides  a  simple,  effective,  retrofittable  -Gz 
restraint  which  still  permits  upper  body  mobility  essential  for  air  combat  maneuvers. 

When  properly  adjusted  it  does  not  interfere  with  normal  crewman  activities,  it  fits  all 
sizes  from  3rd  to  98th  percentile,  and  it  can  reduce  the  average  head  displacement  of  a  50-percentile 
aircrewman  from  6cm  down  to  2cm  at  -1  Gz.  This  -Gz  performance  is  as  good  as  that  provided  by 
the  Blue  Angels  aerobatic  team  harness-with  the  added  feature  of  upper  torso  mobility  which  is 
missing  in  the  aerobatic  team  harness. 

2.  The  available  (1984)  seat-mounted  harnesses  offer  no  quantum  improvement  in  flight 
performance,  comfort,  or  safety  which  could  justify  the  replacement  of  the  existing  MA-2  torso 
harness.  Also,  they  are  unsatisfactory  for  the  U.S.  Navy  because  they  do  not  incorporate  automatic 
parachute  release  upon  water  immersion,  and  they  do  not  provide  good  torso  support  during 
ejection. 

3.  None  of  the  prototype  XV  seat-mounted  harnesses  met  the  requirement  to  use  the 
SEAWARS/KOCH  parachute  release  fittings  and  also  not  hit  the  crewman's  helmet  during 
parachute  opening  shock. 
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4.  An  upper  torso  restraint  is  far  more  effective  than  a  lower  torso  restraint  in  reducing 
head  displacement  during  negative  Gz  maneuvers. 

5.  The  'Y'  strap  did  not  restrict  ground  egress  or  seat/man  separation  after  ejection. 


RECOMMENDATIONS 

1.  The  'Y'  strap  snould  be  evaluated  by  the  Naval  Air  Test  Center  for  its  effectiveness  in 
simulated  air  combat  maneuvers.  It  should  then  receive  additional  evaluation  by  several  operational 
squadrons. 

2.  If  the  'Y'  strap  is  favorably  accepted  then  an  Engineering  Change  Proposal  can  be  pre¬ 
pared  to  incorporate  this  simple  modification  for  any  seat  system  requiring  improved  negative  Gz 
restraint. 

3.  A  'Y'  junction  quick-release/adjuster  fitting  needs  to  be  designed  to  make  disconnect  of 
the  shoulder  straps  a  single  operation  instead  of  two  operations. 
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Figure  1.  Fifth  Strap  Added  to  MA-2  Harness 


Figure  2.  Martin-Baker  Simplified  Combined  Harness 


Figure  7.  First  Prototype  XV  Harness-Parachute  Suspension 
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Figure  10.  First  Prototype  XV  Harness- Underneath  Survival  Kit  Lid— 
Manuai/Automatic  Release  Hardware 


Figure  11.  Second  Prototype  XV  Harness-Front  View 
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Figure  13.  Second  Prototype  XV  Harness— Side  View 
with  Harness  Mounted  Life  Support  Gear 


Figure  14.  Second  Prototype  XV  Harness-Parachute  Suspension 
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Figure  20.  Third  Prototype  XV  Harness-Parachute  Suspension 
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Figure  24.  "Bearing  Pad"-Closeup 


REDUCED  HEAD  DISPLACEMENT  DUE  TO  Y-STRAP 
AND  BEARING  PAD  ADDITIONS  TO  MA-2  TORSO  HARNESS 

50th  PERCENTILE  REPRESENTATIVE  SUBJECT  AT  -1.0  Gz 
NOTE:  DISPLACEMENT  BARS  DRAWN  FULL  SCALE 
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igure  26.  Head  Displacement  at  -IGz  Using  50th  Percentile  Test  Subject 
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Figure  27.  Head  Displacement  at  -IGz  Using  95th  Percentile  Test  Subject 
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